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Abstract 


As a first step towards an inventory of the giant pill-millipedes in Thailand, a new species of the genus Sphaerobelum 
Verhoeff, 1924, S. truncatum n. sp. is described from Nan Province, northern Thailand. A determination key is presented 
for all five known Sphaerobelum species. Clear morphological differences between S. truncatum n. sp. and the other four 
Sphaerobelum species were found on the anterior telopods. For the first time in Sphaerobelum, the partial mitochondrial 
COI gene was sequenced for S. truncatum n. sp. and compared with distance, maximum parsimony and maximum likeli¬ 
hood methods to those of species from other giant pill-millipede genera. Sphaerobelum truncatum n. sp. was found to dif¬ 
fer from all other analyzed giant pill-millipedes, including species of Zephronia Gray, 1832, by 22-30%, including 
numerous amino acid changes, supporting the separate status of Sphaerobelum among other giant pill-millipede genera. 
Maximum likelihood and parsimony analyses support the placement of Sphaerobelum in the Zephroniidae. Figures of all 
relevant structures of Sphaerobelum truncatum n. sp. are provided to allow the use of these characters in future descrip¬ 
tions of species of the family Zephroniidae. 
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Introduction 


Millipede diversity in the world has been estimated to be 80,000 species (Hoffman 1979). However, up to now, 
approximately 8,000-12,000 species have been described (Sierwald & Bond 2007; Shear 2011). Among these, the 
order Sphaerotheriida contains currently 325 species (Wesener et al. 2010) and occupies a discontinuous geograph¬ 
ical area which includes South Africa, Madagascar, the entire Oriental region, as well as New Zealand and Austra¬ 
lia (Jeekel 1974; Hoffman 1982; Shelley 1999; Wesener & VandenSpiegel 2009). The order contains four families: 
Sphaerotheriidae in South Africa, Procyliosomatidae in Australia and New Zealand, Arthrosphaeridae restricted to 
southern India and Madagascar, and Zephroniidae (synonym Sphaeropoeidae) in Southeast Asia and the Sunda 
Islands, as well as an isolated genus on the Seychelles (Wesener & VandenSpiegel 2009). The family Zephroniidae 
is by far the most species-rich family of the order, with 140 species in 14 genera (Wesener et al. 2010). 

However, the Zephroniidae are also in urgent need of revision; only four of its species could be included in a 
recent phylogenetic analysis (Wesener & VandenSpiegel 2009). Because of the unclear identity of the type species 
of the genus Zephronia, Z. ovalis Gray, 1832, a distinction between the three most species-rich genera, Zephronia 
Gray, 1832, Castanotherium Pocock, 1895 and Sphaeropoeus Brandt, 1833 is still problematic. On the other hand, 
some smaller genera are relatively well defined and were recently revised (e.g. Jeekel 2000; Mauries 2001). 
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Most previous collections of the Thai millipede fauna before 2005 covered only small areas of Thailand. Thus, 
the species diversity of the Thai millipedes is most certainly underestimated. In 2005, Enghoff reported 105 species 
of Thai millipedes. However, recently, several studies in the extensive area (see Stoev et al. 2007; Enghoff et al. 
2007; Golovatch et al. 2009, 2011a, 201 lb; Pimvichai et al. 2009a, 2009b, 2010, 2011a, 201 lb; Likhitrakam et al. 
2010a, 2010b, 2010c, 2011; Decker 2010) have increased the number of the Thai millipede fauna to 168 species. 
Most of them belong to the cylindrical and flat-backed millipedes, superorder Julifonnia and order Polydesmida. 
The millipedes in order Sphaerotheriida occur throughout Thailand but to date only one species in this order, 
Zephronia siamensis Hirst, 1907, has been described from eastern Thailand (Sichang Island and Chanthaburi Prov¬ 
ince). As a first step to a more complete inventory of the Thai giant pill-millipede species, this paper reports a new 
species belonging to the genus Sphaerobelum Verhoeff, 1924. The new species was collected in 2010 from Nan 
Province, northern Thailand. It is the first record of a Sphaerobelum species from Thailand, located approximately 
600-800 kilometers from the known distribution of other Sphaerobelum species (Fig. 1). A key to all known Spha¬ 
erobelum species is provided. The status of the genus Sphaerobelum, with a few of its putatively unique characters, 
is discussed. 



Material and methods 

Specimens were collected from Nan Province in August 2010 and were preserved in 70% ethanol for morphologi¬ 
cal study and DNA analysis. Some ecological and behavioral data seen during collection were recorded. All mea¬ 
surements are in millimeters. Tenninology of morphological characters follows Van Den Spiegel et al. (2002) and 
Wesener & Sierwald (2005b). Specimens were dissected and the following body parts were removed according to 
the method of Wesener & Sierwald (2005a). The following characters of each sex were carefully examined: 

Males: head, right antenna, gnathochilarium, left mandible, the 1st leg pair with stigmatic plate, the 2nd leg 
pair, the 9th leg pair with stigmatic plate, section of the 9th tergite, anterior telopod and posterior telopod. 

Females: the 1st leg pair with stigmatic plate, 2nd leg pair, subanal plate. 
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Drawings were made with a camera lucida mounted on an Olympus SZH 10 research stereomicroscope. 
Close-up digital photos were taken with an Olympus DP20 camera mounted on an Olympus S261 stereo micro¬ 
scope. 

SEM preparation: specimens were mounted on aluminum stubs using carbon tape, dehydrated using a vacuum 
type desiccator and observed under a JEOL JSM-6510A Scanning Electron Microscope. 

The following type specimens were examined by TW: Sphaerobelum clavigerum Verhoeff, 1924 (holotype, 
ZMB 5747); Sphaerobelum bicorne Attems, 1938 (holotype, NMW 2196); Sphaerobelum separatum Attems, 1953 
(holotype, NMW 2227). Type material of Sphaerobelum hirsutum Verhoeff, 1924 is unknown. 

Abbreviations of repositories: 

CUMZ Museum of Zoology, Chulalongkorn University, Bangkok, Thailand 
FMNH Field Museum of Natural History, Chicago, USA 
NMW Naturhistorisches Museum Wien, Wien, Austria 
ZMB Museum fur Naturkunde der Humboldt-Universitat, Berlin, Gennany 

ZMFK Zoologisches Forschungsmuseum Alexander Koenig, Bonn, Germany 


DNA extraction and sequencing. To evaluate the distinctness of Sphaerobelum vis-a-vis other genera of the 
Zephroniidae, total genomic DNA was extracted from muscle tissue laterally interconnecting the mid-body tergites 
from a paratype (FMNH-INS 0000 072 674) of Sphaerobelum truncation, using the DNAeasy Blood & Tissue kit 
from Qiagen following the manufacturer’s extraction protocol. The mitochondrial cytochrome oxidase subunit I 
(COI) gene was amplified using polymerase chain reaction (PCR) (Saiki et al. 1988) using the HCO/LCO primer 
pair (LCO-1490, HCO-2198, Folmer et al. 1994). PCR protocols were similar to those utilized previously (Wese- 
ner et al. 2010) in Sphaerotheriida. Cycle sequencing was conducted with BigDye on a Bio-rad Dyad DNA Engine, 
products were cleaned with ethanol on an Eppendorf centrifuge 581 OR and sequenced on a Hitachi/ABI 3730 auto¬ 
matic DNA sequencer, using the same primer sets as for PCR. Sequencing reads were assembled with the program 
Seqman II (DNASTAR, Inc.), while the identity of all new sequences was confirmed with BLAST searches 
(Altschul et al. 1997). The number of base pairs obtained from Sphaerobelum truncation was 674. 

In order to build a framework of COI sequences for future giant pill-millipede studies in SE Asia, the COI 
sequence of Sphaerobelum truncation was aligned by hand with COI sequences of different giant pill-millipede 
genera obtained during a previous study (Wesener et al. 2010), as well as a species of Doratogonus (order Spi- 
rostreptida) and Glomeris marginata (order Glomerida); the latter two were used to root the trees. All sequences 
except those of Sphaerobelum truncation (Accession # JN885184) were downloaded from GenBank, for access 
codes see Table 1, fasta and nexus files of the dataset can be found in the Supplementary material. 


TABLE 1 . Specimen information and Genbank accession numbers. Species marked by an asterisk were sequenced for this 
analysis. 


Species 

Spirostreptida, Doratogonus sp. GG-2003 
Glomerida, Glomeris marginata 

Sphaerotheriida, unknown family, Epicvliosoma sp. GB 
Sphaerotheriida, Procyliosomatidae, Procyliosoma leae 
Sphaerotheriida, Procyliosomatidae, Procyliosoma sp. 
Sphaerotheriida, ArthrosphaeridaeMrlArosp/zaera brandti 
Sphaerotheriida, Zephroniidae sp. Ia {Zephronia sp.) 
Sphaerotheriida, Zephroniidae sp. Ib ( Zephronia sp.) 
Sphaerotheriida, Zephroniidae sp. II (unknown genus) 

* Sphaerotheriida, Zephroniidae, Sphaerobelum truncatum 


Genbank Accession # 

AY288738 

FJ409909 

AF370841 

FJ409910 

FJ409911 

FJ409915 

FJ409912 

FJ409913 

FJ409914 

JN885184 


DNA analysis. Mean pairwise distances between terminals were detennined using MEGA5 (Tamura et al. 
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2011). Evolutionary analyses were conducted in MEGA5. For the maximum likelihood analysis, a model selection 
was undertaken with MEGA5 (Tamura et al. 2011) under the implemented Bayesian information criterion (BIC) 
which selected the Tamura-Nei model with gamma distribution (Tamura & Nei 1993) with scores: InL = -3237,2, 
Invariant = 0,428612, Gamma = 0,73253, Freq A = 0,271, Freq T = 0,3463, Freq c = 02234, Freq G = 0,1593. The boot¬ 
strap consensus tree inferred from 1,000 replicates is taken to represent the evolutionary history of the taxa ana¬ 
lyzed (Felsenstein 1985). Initial tree(s) for the heuristic search were obtained automatically. Codon positions 
included were lst+2nd+3rd+Noncoding. All positions containing gaps and missing data were eliminated. There 
were a total of 572 positions in the final dataset. 

Additionally, a maximum parsimony analysis was undertaken. The low number of taxa (10) allowed an 
exhaustive search of all possible tree topologies under the "ALLTREES" command to be conducted with PAUP* 
(v. 4.0; Swofford 2002). The dataset includes a total of 237 parsimony informative characters. A single shortest tree 
of length 760 was found. A parsimony bootstrap analysis (1,000 replicates) was conducted in PAUP, which resulted 
in a similar tree to the 'ALLTREES' search, on which maximum parsimony bootstrap values were added (Fig. 3). 

The aim of this study was not a study of the phylogeny of the Zephroniidae (for which more, including nuclear, 
markers are needed), but a study of the distinctness of Sphaerobelum to support a delimitation of the genus. 


Results 


Genetic distance of Sphaerobelum: The distance matrix clearly shows that Sphaerobelum is distinct from other 
genera of Sphaerotheriida (Table 2). The uncorrected genetic distances of Sphaerobelum to other genera of the 
Zephroniidae (an undetennined genus and Zephronia sp. from Malaysia) are with 22.8 % (+/- 2.3%) and 23.5 % (+/ 
- 2.2%), respectively, the lowest. Distances to other giant pill-millipedes genera vary between 26.3 % ( Epicylio- 
soma ) and 30 % ( Arthrosphaera ), while the genetic distances to millipedes of other orders are even higher, 31.8 % 
for Spirostreptida, 40.8 % for Glomerida (Table 2). 


TABLE 2. Uncorrected distances of the COI gene as calculated by MEGA5. 

# Species GenBank # Distances in % 

123456789 


1 Doratogonus sp. GG-2003 

2 Glomeris marginata 

3 Epicyliosoma sp. GB 

4 Procyliosoma leae 

5 Procyliosoma spl 

6 Arthrosphaera brandti 

7 Zephroniidae spla Zephronia sp. 

8 Zephroniidae splb Zephronia sp. 

9 Zephroniidae spll 

10 Sphaerobelum truncation 


AY288738 




FJ409909 

31.8 



EAF370841 

30.4 

36.8 


FJ409910 

30.9 

33.7 

26.4 

FJ409911 

26.0 

31.8 

26.4 

FJ409915 

26.4 

33.1 

25.4 

FJ409912 

31.1 

32.5 

26.8 

FJ409913 

31.1 

32.5 

26.8 

FJ409914 

29.7 

36.9 

25.7 

JN885184 

31.8 

40.8 

26.3 


11.9 





29.5 

28.2 




25.4 

25.1 

26.5 



25.4 

25.1 

26.5 

0.0 


25.5 

25.0 

27.3 

22.9 

22.9 

26.8 

26.6 

30.0 

23.5 

23.5 


Sphaerobelum vis-a-vis other giant pill-millipede genera: The phylogenetic analysis resulted in trees of 
which many branches received little statistical support. While the maximum likelihood tree (Fig. 2) as well as the 
maximum parsimony tree (Fig. 3) support the position of Sphaerobelum inside the family Zephroniidae, little else 
can be said about its relationship. 
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FIGURE 2. Maximum likelihood tree of the COI analysis. Bootstrap values (1,000 replicates) given above branches. Values 
<50% not shown (-). 



Doratogonus sp. 

Glomeris marginata 
Arthrosphaera brandti 
Epicyliosoma sp. 

Zephroniidae Sphaerobelum 

Zephroniidae spll unknown genus 
Zephroniidae spla Zephronia sp. 

Zephroniidae splb Zephronia sp 
Procyliosoma leae 
Procyliosoma spl 


FIGURE 3. Single most-parsimonious tree obtained by the analysis of the COI dataset under the ALLTREES criterion. Length 
= 730. Bootstrap values >50% (1,000 replicates) given above branches. 
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Taxonomy 


Family Zephroniidae Gray, 1843 
Subfamily Zephroniinae Gray, 1843 
Tribe Zephroniini Jeekel, 2001 

Comment. We follow Jeekel’s (2001) classification of Zephroniidae. No phylogenetic analysis of the family 
Zephroniidae was ever undertaken, so any subfamilial or tribal affiliations of Sphaerobelum would be premature. 


Genus Sphaerobelum Verhoeff, 1924 

A complete synonymy is provided by Jeekel (2001: 17) 

Type species. Sphaerobelum clavigerum Verhoeff, 1924 

Other species included. S. hirsutum Verhoeff, 1924; S. bicorne Attems, 1938; S. separatum Attems, 1953, S. 
truncation n. sp. 

Diagnosis. Males of Sphaerobelum species can be distinguished from all other giant pill-millipede genera in 
the world by the distally swollen process of the second joint of the posterior telopod. 

Comments. A comprehensive description of the genus Sphaerobelum cannot be given at the moment. How¬ 
ever, all species currently assigned to the genus display the following unique combination of characters: posterior 
telopods consisting of four podomeres and with a large process on the 2nd podomere which features a greatly 
enlarged, swollen-looking tip (Fig. 11D). The latter feature has been described for all four species included in the 
genus and figured for three of them (Verhoeff, 1924, fig. 36 for S. clavigerum ; Attems, 1938, figs. 18, 19 for S. 
bicorne', Attems, 1953, fig. 27 for S. separatum). Special attention should be given to the minute Tomosvary organ, 
which is separated by a sclerotized crest from the eye field at least in some Zephronia species, a structure not pres¬ 
ent in Sphaerobelum. 


Key to species of Sphaerobelum 


1. Anterior telopod with 3 podomeres.2 

Anterior telopod with 4 podomeres. 4 

2. Tergites shiny, glabrous. S. clavigerum Verhoeff, 1924 

Tergites hairy. 3 

3. Dirty olive-brown; head punctured and densely hairy; process of 2nd podomere of posterior telopod apically strongly swollen, 

spherical, wider than basis of 3rd podomere. S. hirsutum Verhoeff, 1924 

Black; head smooth; process of 2nd podomere of posterior telopods truncated; operculum of vulva two-horned, both horns 
blunt. S. bicorne Attems, 1938 

4. Podomere 3 of anterior telopod distally with lateral extension; podomere 4 of posterior telopod distally with incurved process, 

overlapping with process of podomere 2; marginal setae of tergite not reaching posterior margin . . S. separatum Attems, 1953 
Podomere 3 of anterior telopod cylindrical, without lateral extension; podomere 4 of posterior telopod without incurved pro¬ 
cess, but with 3 separated spines; marginal setae of tergite reaching posterior margin. S. truncation n. sp. 


Sphaerobelum truncation Wongthamwanich, n. sp. 

Figs. 5-11 

Material examined. Holotype male, CUMZ 2010.11, Thailand, Nan Province, Song Khwae District, Na Rai 
Luang Sub-district, Pang Hi Village; secondary forest; Latitude: 19.3962, Longitude: 100.6951; coll. N. Wongth¬ 
amwanich; hand collecting; 22 August 2010. Paratypes: 4 males, CUMZ 2010.12-15, 4 females, CUMZ 2010.16- 
19, 1 male, FMNH-INS 0000 072 674, 1 female, FMNH-INS 0000 072 673, 1 male, ZFMK Myr 001, 1 female, 
ZFMK Myr 002, same data as holotype. 
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Length 


Length 


FIGURE 4. Measurements of a volvated giant pill-millipede. Abbreviations: TS = thoracic shield; AS = anal shield. 

Etymology. The specific epithet is a Latin adjective, meaning terminating abruptly, and refers to the truncated 
state of the lateral end of the third podomere on the anterior telopods (Fig. 11C). 

Diagnosis. Sphaerobelum truncation differs from all other Sphaerobelum species in the unique combination of 
the following characters of the anterior telopods (Figs. 11 AC): four podomeres above syncoxite, secondpodomere 
posteriorly with a process (Figs. 1 IB, C) and one spine on the anterior side of the inner margin (Fig. 11C), third and 
fourth podomeres located posteriorly juxtaposed to process of second podomere, third podomere distally truncate, 
fourth podomere with three sclerotized spines all located on small thin separated sclerotized plates: one spine at 
apex, the other two on posterior side (Figs. 11B, C). Anterior telopods without sclerotized teeth. S. truncatum dif¬ 
fers from the closely related species S. separatum Attems, 1953 in the presence of a well-rounded fourth podomere 
on the posterior telopod (Figs. 1 ID, E), while the tip of the posterior telopod in the latter species is prolonged into a 
thin process and curved towards the process of the second podomere. S. truncatum is the only giant pill-millipede 
species known to have a regularly ‘square-wavy’ margin on the endotergum (Fig. 9B). 

COI Sequence (paratype, FMNH-INS 0000 072 674): Accession # JN885184. See supplementary material. 

Description. Measurements'. Males: length 18.6-24.0 mm, width at the seventh tergite 10.2-12.6 mm, width 
of thoracic shield 9.9-12.2 mm, height of thoracic shield 5.7-6.8 mm. Sizes of volvated male (for epimorphic sta¬ 
dia, Figs. 4A, B): length (tergite 5-tergite 11 or 12) 12.1-13.9 mm, width (tergite 7) 10.2-12.6 mm, and height 
(thoracic shield-tergite 8) 10.7-12.6 mm. Females: length 21.2-30.4 mm, width at the seventh tergite 11.5-15.2 
mm, width of thoracic shield 11.0-14.3 mm, height of thoracic shield 6.2-8.1 mm. Sizes of volvated female: length 
13.0-17.6 mm, width 11.5-15.2 mm, and height 11.5-15.4 mm. 

Habitus (Fig. 5C): Overall shape elliptical, tapering slightly from sixth tergite towards head. 

Coloration (Figs. 5A-C): head dark brown, collum, thoracic shield, tergite, and anal shield black. Antennae 
and legs light yellow. 

Head: trapezoid, anterior part of the head with many long setae, posterior part densely dimpled; anterior mar¬ 
gin of labrum with a single tooth. Eye field round, width approximately one mm, consisting of more than 60 
densely-packed ocelli. No sclerotized crest/ridge between antenna socket and eye field. Tomosvary organ (Fig. 5D) 
between eye field and antenna socket, next to, but separated from eye field. 

Antennae (Figs. 6A-C): with six visible antennomeres; basal antennomere with a few thinly scattered sclero¬ 
tized nodules (Fig. 6C); distal antennomere enlarged, round and club-shaped, with 81-84 sensory cones in males, 
36—42 in females. Antennomere lengths: 6>1>2=3>4=5. 

Mandibles (Figs. 7A, B): with a single external tooth, a three-lobed internal tooth, six rows of pectinate lamel¬ 
lae, number of teeth on pectinate lamellae declining from apical to proximal lamella, molar plate with one visible 
ridge. 

Gnathochilarium (Fig. 7C): with numerous long setae on the lingual lamella. Inner palpi with numerous elon¬ 
gate and sharp sensory cones (Figs. 7D, E), reduced lateral palpi with a field of 6 sensory cones (Figs. 7D, F). 


NEW SPHAEROBELUM FROM THAILAND 


Zootaxa 3220 © 2012 Magnolia Press ■ 35 














FIGURE 5. Sphaerobelum truncatum n. sp.. Digital photographs, A: paratype in habitat; B: paratype, living specimen vol- 
vated; C: paratype, ventral view, arrow points to locking carina of anal shield; D: eye field and Tomosvary organ; E: distal right 
antennomere; F: holotype, first pair of legs with stigmatic plate; G: paratype, vulva of female; H: holotype, second coxa, arrow 
points to coxal lobe. Abbreviations: Lc = locking carina; TO = Tomosvary organ; Cx = coxa; ST = stigmatic plate; O = oper¬ 
culum; EP = external plate of vulva; IP = mesal plate of vulva. A-C: Photographs not to scale. Scale bars = 1 mm. 

Collum : anterior and posterior margin with a few setae, center part sparsely setae, densely covered by dimple¬ 
like impressions. 

Thoracic shield : ridge on lateral lobe absent, accompanied by a few long setae; center part of anterior margin 
covered sparsely with long setae. 

Tergites 3-12 (Fig. 8): Anterior margins dominated by small conical spines (Fig. 8C). Two submarginal rows 
of round sclerotized nodules: nodules of anterior-most row large and isolated, those of second row small and close 
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together (Fig. 8B). Anterior fifth of tergite with smooth zone, followed by a zone of 3-5 irregular rows of long 
setae, and then by an area of short setae (Fig. 8B). Central four fifths of tergite dominated by short setae, nodules 
and slightly curved long setae inserted in large dimples (Figs. 8A, D). Posterior margins with a few thick setae (Fig. 
8A). 

Endotergum (Fig. 9): with a regularly ‘square-wavy’ margin (Fig. 9B), outer zone with three rows of irregular 
marginal setae not reaching posterior margin. A single row of small elliptical cuticular impression present next to 
marginal ridge. Intersegmental membrane smooth, without cones or setae (Fig. 9A). 

Anal shield: densely covered with long setae; round in both sexes. Inner side with three or four striae. Ventral 
side with one long black locking carina (Fig. 5C, Lc). 

Legs', first pair of legs without coxal lobe (Fig. 5F), first tarsi with two ventral spines and without apical spine; 
second pair of legs with small coxal lobes in male (Fig. 5H), second tarsi with four ventral spines and without api¬ 
cal spine; third leg pair with acute coxal lobes, third tarsi with five or six ventral spines and one apical spine; ninth 
pair of legs with seven ventral spines and one apical spine on tarsus, femur with one long ridge (Fig. 11G). Femur 
of ninth pair of leg 2.0 times longer than wide, tarsus 4.8 times longer than wide (Fig. 11G). 

Stigmatic plate of first leg (Fig. 5F): rounded, short and weakly curved, but fonning a steep angle towards the 
coxa. 



FIGURE 6. Sphaerobelum truncatum n. sp., holotype, SEM, A: right antenna, lateral view; B: sensory cones on distal antenno- 
mere; C: basal antennomere, lateral view. 
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FIGURE 7. Sphaerobelum truncation n. sp., holotype, SEM, A-B: left mandible; C: gnathochilarium ventral side; D: right pal¬ 
pus with sensory cone; E: distal sensory cones on right pulpus, F: sensory cones on right pulpus. Abbreviations: mp = molar 
plate; pL = pectinate lamella; iT = inner tooth; eT = external tooth;P = palpus; cP = central pads; LL = lingual lamella; Me = 
mentum; St = stripes. 

Female vulva (Figs. 5G, 11H): consisting of two basal plates which are fused proximally and divided distally. 
Operculum pointed, basal part of operculum surrounding apical part of basal plates, distally protruding above coxa 
to basal half of prefemur. Vulva covers half (1/2) of coxa width, vulva is one-third (1/3) longer than coxa. 

Subanal plate (Fig. 10A): brown, semicircular with a central shallow notch, laterally with four rib-like struc¬ 
tures. 

Male gonopore (Fig. 10B): covered by undivided sclerotized plate. 

Anterior telopods (Figs. 11A-C): syncoxite with small spines, telopodite consisting of four podomeres, all 
podomeres covered by long setae. First podomere width equals height. Second podomere with posterior lobe-like, 
curved process with rounded edges; process protruding up to end of third podomere; anterior side of process with a 
single spine at imier margin. Third podomere distally truncate. Fourth podomere as long as third podomere, with 
three sclerotized spines located on small thin sclerotized fields, one spine at apex and the other two located on pos¬ 
terior side. Sclerotized teeth absent. 

Posterior telopods (Figs. 11D, E): inner horns with sharp-edged tips, slightly curved backwards. Telopodite 
consisting of four podomeres. First podomere parallelogram-shaped. Second and third podomere dominated by 
short setae, margins with long setae. Process of second podomere weakly curved, distally glabrous, posteriorly api- 
cally enlarged and swollen (Fig. 11D), anteriorly apically concave, spatulate, with a single sclerotized spine (Fig. 
11E). Moveable finger consisting of third podomere and small fourth podomere, slightly curved. Third podomere 
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at inner margin with one small light colored spine, without any crenulated teeth. Fourth podomere at inner margin 
with two small sclerotized spines located in single brown sclerotized field. 



FIGURE 8. Sphaerobelum truncatum n. sp., holotype, SEM, A: tergite; B: anterior fifth of tergite; C: anterior margin of terg- 
ite, arrow points to small conical spines; D: setae and nodules on central area of tergite. Abbreviations: Sn = sclerotized nod¬ 
ules; 1-se = long setae; s-se = short setae; $m = smooth area; AM= anterior margin; CA = central area; PM = posterior margin; 
1-Sn = large sclerotized nodules; s-Sn = small sclerotized nodules. 

Intraspecific variation. Only seven males and six females of S. truncatum were available for analysis. Flow- 
ever, some characters presented a clear difference between the sexes, such as the body length of females that tended 
to be longer than that of the males, while males have more sensory cones on the distal antennae than females. 

Life history. Adult specimens were collected in late August 2010 during the rainy season. Numerous eggs were 
found in an adult female, with most of them aggregated into many small clusters located between the intestine and the 
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body wall, from the second leg pairs to posterior end of the body. The eggs as preserved in 70% ethanol were orange in 
color. Mature eggs were round in shape with a diameter of about 2-2.5 mm. 

Distribution and ecology. The new species is only known from the type locality at 440-450 m altitude. There 
is a small stream running along the secondary dry evergreen forest and the forest floor is covered by laterite soil 
with saplings and seedlings, including a leaf litter of up to 3 cm depth. At the time of collection, the weather was a 
light precipitation, 92% relative humidity, 25.5-26°C and 27°C soil and air temperature respectively. Most speci¬ 
mens were found on a 60 degree slope and only a few specimens were found on a flat plain area. Animals were 
found rolled up above the forest ground close to tree bases, in shallow soil pockets and under leaf litter. 
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FIGURE 9. Sphaerobelum truncatum n. sp., holotype, endotergum, SEM, A: overview; B: posterior margin. Abbreviations: 
PM = posterior margin; oz = outer zone; ms = marginal setae; mr = marginal ridge; ci = cuticular impressions; im = interseg- 
mental membrane. 



FIGURE 10. Sphaerobelum truncatum n. sp., SEM, A: female paratype, subanal plate with ribs, arrow points to ribs; B: holo- 
type, male gonopore on second coxa, arrows point to gonopore. 
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FIGURE 11. Sphaerobelum truncatum n. sp., A-G holotype, H female paratype, drawing, A: right anterior telopod, anterior 
view; B: last three podomeres of right anterior telopod, posterior view; C: last three podomeres of right anterior telopod, lateral 
view; D: last three podomeres of right posterior telopod, posterior view; E: last three podomeres of right posterior telopod, 
anterior view; F: stigmatic plate of 9 th left leg; G: 9 th left leg, posterior view; H: second right coxa with vulva, posterior view. 
Arrows point to the second podomere process. Abbreviations: Cx = coxa; ST = stigmatic plate; O = operculum; EP = external 
plate of vulva; IP = mesal plate of vulva. Roman numbers refer to number of podomere. Scale bars = 1 mm. 
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Behavior. Sphaerobelum truncation seems to be more active than Zephronia sp. They unroll their body in less 
than 5 minutes after capturing in the hand, which has never been observed for Zephronia sp. Sphaerobelum trunca¬ 
tion is well camouflaged, having similar color patterns to various objects in the environment, such as dried leaves 
and fruit seeds. The animals can also hide during the day by digging into the soil. 


Discussion 

Future progress on the systematics of the Zephroniidae is currently blocked by the unclear status of the type of 
Zephronia, Z. ovalis Gray, 1832, a nomen dubium of which the first description is unsuitable for a species determi¬ 
nation and the type specimens have been lost. Once this issue is solved, best by the selection of a neotype, the gen¬ 
era of the Zephroniidae should be re-defined based on their respective type species. The family Zephroniidae 
would be a good target for a morphological phylogenetic analysis since its members possess numerous morpholog¬ 
ical characters that could be exploited for a phylogenetic study. Probably around 100 external morphological char¬ 
acters could be sampled, hopefully allowing a well-resolved phylogeny. Future describers of Zephroniidae species 
should be aware of the fact that numerous characters are potentially useful and should be illustrated and described. 
While Sphaerobelum truncation is clearly distinct from its congeners, a revision of the remaining Sphaerobelum 
species would allow a more precise definition of the genus. 

This new species is only the second description of a sphaerotheriidan from Thailand in 100 years. 
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